health education and blood pressure monitoring system to better manage hypertension among older adults in rural China.
Prevalence of Hypertension and Associated
One study, using Framingham Heart Study data, showed that the residual lifetime risk for developing hypertension was 90% in participants aged 55 and 65 [6] . However, little is known about the epidemiological data of hypertension in older adults in China. Therefore, the present study was undertaken to reveal the prevalence and associated factors for hypertension in older rural adults in Liaoning Province, China.
Subjects and Methods

Study Subjects
The procedures were in accordance with ethical standards of the committee on human experimentation of China Medical University Shenyang, China. Informed consent was obtained from each patient. A large-scale cross-sectional survey was conducted from 2004 to 2006 in the rural areas of Fuxin county, Liaoning Province. There are 35 towns and about 640,000 rural people in Fuxin county. The study adopted a multistage, stratified cluster sampling scheme, and included samples from the northern, southern, western, eastern and central regions. According to the number of people, 3 towns were selected from the southern region, 2 from the eastern region and only 1 from other regions. Finally, rural villages near each town were selected from different geographic areas. In total, 8 towns from these regions and 84 rural villages were selected. All residents selected were aged 6 60 years. 10,065 subjects were examined using a standard questionnaire to collect demographic, socioeconomic, cigarette smoking and alcohol consumption data. Weight and height were measured and the body mass index (BMI) was calculated [weight (kg)/ height 2 (m 2 )]. For most age-related comparisons, participants were divided into three age groups (60-69 years, 70-79 years and 6 80 years). The educational level ( ! high school, high school and 1 high school) was chosen as the indicator of socioeconomic status [7] . Weight was measured with a lever balance, to the nearest 100 g; subjects were without shoes and in light undergarments. BMI was categorized according to the World Health Organization criteria as normal (BMI ! 25), overweight (25 ^ BMI ! 30), and obese (BMI 6 30). Alcohol consumption was assessed by converting the weekly consumption of any beer, wine or hard liquor into weekly kilograms of alcohol consumed; current drinking was then defined as alcohol consumption of 6 0.008 kg/week [8] . Smoking was defined as consumption of at least 1 cigarette every day continuously for at least 1 year. Income per year was categorized into four groups: income 1 ( ! 1,000 CNY), income 2 ( 6 1,000 CNY but ! 1,500 CNY), income 3 ( 6 1,500 but ! 2,000 CNY), and income 4 ( 6 2,000 CNY) (1 CNY = 0.14 USD).
Blood Pressure Measurements
A trained and certified observer used an American Heart Association protocol to perform three blood pressure measurements with the participant in a sitting position after 5 min of rest. Participants were advised to avoid alcohol consumption, cigarette smoking, coffee/tea, and exercise for at least 30 min before these measurements. The research staff used a standardized electronic sphygmomanometer (HEM-741C; Omron, Tokyo, Japan) and chose 1 of 4 cuff sizes (pediatric, regular adult, large, or thigh) based on arm circumference. Joint National Committee on High Blood Pressure 7 criteria were used [9] to define hypertension as systolic (blood pressure 6 140 mm Hg) or average diastolic (blood pressure 6 90 mm Hg), and/or a self-report of the current treatment for hypertension with antihypertensive medication was completed [10] . Hypertension awareness, treatment and control were defined as follows: awareness was a self-report of a prior health professional's diagnosis; treatment was the current use of a prescriptive medication for hypertension management; control was a current average systolic blood pressure ! 140 mm Hg and an average diastolic blood pressure ! 90 mm Hg [10] .
Statistical Analysis
All data analyses were conducted using SPSS 11.5 statistical software package. Continuous variables were presented as mean values 8 standard deviations. Categorical variables were presented as frequencies. Associations between categorical variables were tested by the use of contingency tables and the 2 test. Statistical hypotheses were tested using the 2-tailed t test. To evaluate the association between hypertension and associated factors, multivariate logistic regression analysis was applied to estimate the odds ratio of hypertension through the levels of various explanatory factors. The adjusted odds ratio was presented together with a 95% confidence interval. For all comparisons, p values ! 0.05 were considered statistically significant. 
Results
The baseline characteristics of the survey participants are provided in table 1 . Han, the most prevalent nationality in China, and Mongolian, one of the minority nationalities, are the two major ethnic groups represented in the study. The educational level of most subjects was lower than high school educational level. Approximately 1,731 (17.2%) of older rural adults were overweight or obese, 1,069 (21.5%) and 652 (12.9%) among women and men, respectively. More men than women were smokers (56.4 vs. 24.1%); 2,108 (41.4%) men and 328 (6.6%) women reported drinking.
The prevalence rates of hypertension ( table 2 ) were 57% (male 54.7%, female 59.5%), 64.4% (male 62.9%, female 65.8%) and 64.9% (male 60.2%, female 69.1%) for the age groups 60-69, 70-79 and 6 80 years, respectively. Women had a higher prevalence rate of hypertension than men (p ! 0.0001). Mongolians had a higher prevalence rate of hypertension than Han in both men (p = 0.002) and women (p = 0.001). Approximately 1,119 (73.1%) of overweight individuals and 149 (78.6%) of obese participants had hypertension. Hypertension was more common among overweight and obese patients than among those with normal weight in both men and women (both p ! 0.0001). The prevalence of hypertension decreased when income increased in both men (p = 0.001) and women (p = 0.008). Smokers and drinkers had a higher prevalence rate of hypertension than nonsmokers and nondrinkers.
The results of the multivariate logistic regression analysis revealed that the prevalence of hypertension was positively correlated with age, female gender, Mongolian ethnicity, BMI group, smoking and drinking, whereas income level was a protective factor for hypertension ( table 3 ). The percentages of participants with hypertension who were aware of their hypertensive status, were being treated with antihypertensive medications and had their hypertension controlled are given in table 4 . Overall, 2,133 (35.2%) older hypertensive people were aware of their diagnosis, only 1,740 (28.7%) of older hypertensive people were taking prescribed medication to lower their blood pressure, and only 61 (1.0%) of older hypertensive people had their hypertension controlled.
Discussion
Our study indicates that elevated blood pressure is a prevalent problem among older rural adults in Liaoning Province, China, therefore indicating that low awareness, inadequate management and unsatisfactory control of hypertension deserve great attention because hypertension is an important risk factor for cardiovascular disease [1] . The prevalence of hypertension for older rural adults in Liaoning Province of this study was lower than the outcomes of some studies [11] [12] [13] [14] [15] , but higher than the prevalence in others [16] [17] [18] . The high prevalence in our study was probably the result of lifestyle changes in recent years, since blood pressure has been strongly associated with BMI and other diet-related factors [19] . In addition, our study revealed that older rural women have a higher prevalence rate of hypertension than older men in the same area, which is similar to some surveys [11] [12] [13] [14] [15] and different from others [16, 17, 20] . The prevalence rates of hypertension for older rural adults increase with age, as other investigations [9, 12, 13, 15, 17, 20] have suggested, although it was not observed for men in this study. An increase in life expectancy, together with changes in lifestyle and diet such as more smoking and drinking, high salt and fat intake and less exercise, may explain the high prevalence of hypertension in older rural Chinese people.
Similar to the findings of other studies, the present study indicated that age [11, 14, 15, 21, 22] , female gender [11, 21, 22] , Mongolian ethnicity, overweight and obesity [11, [13] [14] [15] [16] [21] [22] [23] , as well as smoking and drinking [11, 17, 21, 22] were clearly associated with hypertension, whereas income level was a protective factor for hypertension [20] .
It has been considered that there may be a difference in the prevalence of hypertension among various ethnic groups. The current study included two ethnic groups, Han and Mongolian. The prevalence of hypertension in older Mongolian and Han people was very high (Mon- * p < 0.05 for the independent association between hypertension prevalence and each factor after adjusting for the remaining factors. 1 CNY = 0.14 USD. golian: 64%; Han: 58.9%). Similar to our previous study [24] , Mongolians have a higher prevalence rate of hypertension than Han. Besides environmental factors such as different eating habits, genetic factors may play an important role in the development of hypertension. Further studies will be conducted to ascertain the reason. Overweight and obesity have become a global public health issue and are highly prevalent worldwide. They are important risk factors for hypertension. Blood pressure has a positive correlation with BMI. The risk of developing hypertension within 5 years will increase by 9% if baseline BMI increases by 1. A previous study [25] reported that the prevalence of hypertension was 2-to 6-fold higher in obese than in normal-weight individuals. As shown in this study, about 17.2% of older rural adults were overweight or obese. As in other studies [15, 16] , overweight and obese participants have a higher prevalence rate for hypertension than those with normal BMI. These findings suggest that the potential health benefits from obesity prevention are of considerable public health importance.
A previous study has revealed that alcohol consumption in larger amounts (more than 2 portions a day) and cigarette smoking increase blood pressure and overall mortality [26] . It is generally considered that alcohol consumption has a linear relationship with blood pressure level, especially systolic blood pressure. The prevalence rate of hypertension increases noticeably when more than 0.05 kg of alcohol is consumed daily. In our study, it was confirmed that smoking and drinking positively correlated with the prevalence rate of hypertension. These data emphasize the importance of smoking cessation and restriction of alcohol consumption for the prevention of hypertension. Public education should be improved and the strategies used by health professionals should be enhanced to better inform people of the harm caused by smoking and drinking.
The rates of awareness, treatment and control in the present study were lower than the results of other studies [18, 21, 26] . This is probably because of multiple factors, such as inadequate health education, and limited access to medical services due to the lower income in rural areas. Another problem that emerged was that the control rate was rather low. This can be explained in part by the lack of awareness or treatment of the condition [20] . However, even for those who reported receiving medication for hypertension, only 3.7% had hypertension controlled to the recommended target. Therefore, more efforts, such as public health education and a blood pressure monitoring system, should be mandated for the older group to improve their unsatisfactory awareness, treatment and control of hypertension.
Conclusions
Hypertension is highly prevalent among older rural adults in Liaoning Province, China, yet the awareness, treatment and control rates are extremely low. These data emphasize the urgent need to promote hypertension education and augment blood pressure monitoring projects to better manage hypertension among older rural adults in China.
